Vigour control in grapevine can be achieved by grafting with particular rootstocks, and may become especially important under climate change. This research studied the F1 progeny from the cross of 'Ramsey' × 'Riparia Gloire de Montpellier' rootstocks, known to confer high and low vigour, respectively. We hypothesized that vigour correlates with growth rate, leaf area, biomass partitioning, plant hydraulics and gas exchange; and that these variables could be associated with genetic markers. We evaluated 138 seedlings from this cross, three replicates each, for 60 days in a greenhouse at UC Davis, California, during summer 2014 and 2015. Each plant was pruned to a single shoot and watered daily. Shoot growth rate, leaf area and dry biomass were measured for the complete population, both years. In 2014, after day 45, 40 genotypes were subjected to a 50% water deficit, based from initial weight at full pot capacity, and plant and root hydraulic conductance's, stomatal conductance and water potential were measured. The progeny showed transgressive segregation and significant differences in vigour. A PCA analysis showed a strong role for shoot growth rate, specific leaf area, plant hydraulics and partitioning indices for vigour determination. Under water stress, larger plants showed less specific hydraulic and stomatal conductance's, indicating higher sensibility upon drought. Significant QTLs for leaf area, specific leaf area and partitioning indices were found on chromosomes 1, 4, 16, and 5; accounting for 20% of explained variability for leaf area, and from 10 to 14% of explained variability for specific leaf area and partitioning indices in 2014. Mapping data from 2015 is being analysed.
INTRODUCTION
Vigour is considered as a propensity to assimilate, store, and/or use non-structural carbohydrates for producing large canopies, and it is associated with high metabolism and fast shoot growth (Ollat et al., 2003; Rebolledo et al., 2015) . Carbon assimilation (A) is the vital mechanism that makes growth possible. For A to occur, CO2 must diffuse into the leaf mesophyll, through opened stomata. The trade off of Carbon assimilation is loss of water from the leaf to the atmosphere. This inevitable water loss through opened stomata (and the depreciable diffusing through cuticle), constitutes transpiration (E). This means that A and stomatal conductance (gs) are tightly correlated (Wong et al., 1979) and stomata are directly responsible for optimizing E vs. A (Rogiers et al., 2012) .
Growth involves cell expansion and cell division. Cell expansion, occurs because cell walls are extensible, meaning they deform under the action of tensile forces, generally caused by turgor (Sablowski and Carnier Dornelas, 2014) . The plant water uptake capacity is influenced by the hydraulic conductance (kH) of the roots which in turn, confers different hydration and turgor to the canopy (De Herralde et al., 2006; Lovisolo et al., 2008) a E-mail: hugalde.ines@inta.gob.ar Acta Hortic. 1188 . ISHS 2017 . DOI 10.17660/ActaHortic.2017 .1188 Proc. X Int. Symp. on Grapevine Physiology and Biotechnology Eds.: M. Pezzotti et al.
conferring different growth levels by cellular extension (Di Filippo and Vila, 2011) . Keller et al. (2015) found that kH adapts to support canopy growth and carbon partitioning, but can limit shoot vigour in grapevines. These differences in kH that account for variation in growth of different genotypes, have a genetic correlate. Marguerit et al. (2012) , detected quantitative traits loci (QTL) for E, water extraction capacity and water use efficiency (WUE) when studying water stress response of Vitis vinifera 'Cabernet Sauvignon' × Vitis riparia. 'Gloire de Montpellier' progeny. They observed that their QTLs co-localized with genes involved in the expression of hydraulic regulation and aquaporin activity that directly affect the plant kH, as previously proposed by Lovisolo et al. (2007) .
There is increasing interest in understanding the genetic basis of vigour and biomass production. It is well established that growth and vigour are quantitative traits, and their genetic architecture consists on a big number of genes with small individual effects. The search for groups of genes with small individual effects, that control a specific quantitative trait, is performed by QTL analysis and genetic mapping. Today, several linkage maps are available, like 'Syrah' × 'Grenache', 'Riesling' × 'Cabernet Sauvignon' and 'Ramsey' × Vitis riparia (Adam-Blondon et al., 2004; Lowe and Walker, 2006; Riaz et al., 2004) . Lowe and Walker concluded that the 'Ramsey' × V. riparia linkage map was a valuable tool with which to examine and map traits like biotic resistance, drought tolerance and vigour.
Our study will search, by means of linkage mapping of the highly heterozygous pseudo F1 progeny of 'Ramsey' × V. riparia, the QTLs associated with the trait "vigour".
MATERIALS AND METHODS

Vines and site
One hundred and thirty-eight genotypes from a pseudo F1-progeny between 'Ramsey' and 'Riparia Gloire de Montpellier' were evaluated at UC Davis, California in the summer of 2014 and 2015. We studied three replicates per genotype, for 60 days in a greenhouse with daily average temperature of 25°C. Each plant was grown in a 4-L capacity pot, pruned to a single shoot and watered daily. Shoot growth rate, leaf area, leaf-shoot-root dry biomasses, plant hydraulic conductance, root hydraulic conductance, stomatal conductance and water potential were measured.
Plants were produced from green cuttings, harvested from the field at UC Davis, during the morning. They were rooted in mist room for 3 weeks. After root emergence, they were transferred to 1-L pots and moved to the greenhouse. Finally, after 2 weeks, they were transplanted to 4-L pots.
In 2014, after day 45, 40 genotypes were subjected to a 50% water deficit, based from initial weight at full pot capacity, for 10 days. Plant hydraulic conductance, stomatal conductance and water potential were measured in 40 genotypes.
In 2015, a separate set of plants belonging to the previously analysed genotypes, was produced for root hydraulic measurements (Lpr). Green cuttings were collected from field and rooted in the same manner as previously described. After 2 weeks in mist room, they were transferred to cylindrical pots (10 cm diameter and 25 cm long) filled with sand and left under mist for one more week. These special pots allowed good root development and growth for later measurements in a pressure chamber.
Measured variables 1. Growth rate.
Shoot length was measured every 3 days, on each plant, during 6 weeks (prior to stress imposition). Later, piece-wise lineal equations were fit, and the parameters (intercept and slopes) were obtained.
Stomatal conductance.
For the selected genotypes (40 genotypes in 2014 and 50 in 2015), three replicates each, a Decagon SC-1 leaf porometer (Decagon Devices Inc., USA) was used to measure stomatal conductance.
Leaf and predawn water potential (ΨL, ΨPD, MPa).
Leaf water potential (ΨL) was measured with a Scholander pressure chamber (PMS Instrument Company, OR, USA), using the procedure of (Hsiao, 1990) . Predawn water potential (ΨPD) was considered as a proxy to soil water potential (Ψsoil).
Plant hydraulic conductance (kH, mmol m -2 s -1 MPa -1 ).
Plant hydraulic conductance was calculated through the Van den Honert law, with Ψsoil, ΨL, and E.
Root hydraulic conductance (Lpr, m 3 g -1 DW s -1 MPa -1 ).
Lpr was measured after (Barrios-Masias et al., 2015) , modified, with custom-made pressure chambers (PMS Instrument Company, Albany, OR, USA). The shoots were severed and the entire root systems were carefully submerged to wash off the sand. Immediately, the root systems were placed inside plastic containers with deionized water, inside the chambers. Complete root systems had to be submerged. A 1-3 cm stem was left protruding from the chamber lid. Once the system was sealed and secured, we proceeded to raise the pressure to 0.07 MPa and let the plants stabilize for 10 min. After the 10 min, we measured water exudation gravimetrically by weighting a dry gauze placed on the protruding stem for 10 min to absorb the root exudate and that was finally re-weighted (first cycle). Pressure flow assessments were conducted at increasing pressure steps: 0.1, 0.15, 0.2, 0.25 MPa respectively. At each step the system was let to stabilize for 7, 5, 5 and 3 min, respectively. Once the 5 cycles were completed, the roots from the chambers were collected, pad dried and weighed. The Lpr was calculated by the slope of the linear regression (R 2 ≥0.98) from the pressure-flow relationship (units: m 3 s -1 MPa -1 ) and the dry weight of the entire root system (g DW).
Biomass (g).
After the 60 days, the plants were segmented into leaves, shoots and roots, and dried at 60°C for 24 h, for leaves, shoot and root dry biomass weight (DWL, DWS, DWR, respectively) determination.
Leaf area (LA).
Each plant's LA was measured by scanning all the leaves with a LI-3100C Area Meter (Li-cor).
Specific leaf area (SLA).
SLA integrates of LA and leaf dry mass (DWL).
Statistical analysis.
Multivariate analyses, Correlations and Regression (simple and multiple) were carried out with Stat Graphics Plus 4.0 (Statistical Graphics Corp.; StatSoft, Inc., 2003).
QTL identification.
The map constructed by (Lowe and Walker, 2006 ) was used as a reference. The total phenotypic variation explained by QTLs was estimated by fitting a multiple regression model in the JoinMap/MapQTL 6 software. The recombination rate was transformed into map distance (cM), using the Kosambi function. Putative QTLs were identified via interval mapping (IM). For non-normally distributed traits the non-parametric Kruskal-Wallis test was applied. QTLs were declared significant when detected at the whole-genome level (PG<0.05), or putative when only significant at the chromosome level (P<0.05) (Abiola et al., 2003) . LOD significances were ensured with permutation tests (1,000 permutations). QTL detection was performed on both parental and consensus maps.
RESULTS AND DISCUSSION
Phenotypic evaluation of the 'Ramsey' × V. riparia GM population
The 'Ramsey' × 'Riparia GM' progeny showed transgressive segregation, and significant differences between small, intermediate and big plants. The principal component analysis (PLC) done with a subset of 50 genotypes was able to explain 80% of the variability (Figure 2) . The component 1, showed strong positive effects of LA, growth rate (b) and root dry weight (DWR), while, strong and negative effect was found for root hydraulic conductance (Lpr). This negative effect explains that more vigour corresponds to lower Lpr, meaning that smaller plants, and smaller root systems are, per biomass weight, significantly more effective in water absorption than vigourous plants. This was also observed by Lovisolo et al. (2007) in olive dwarfing rootstocks and De Herralde et al. (2006) when studying grapevine rootstocks under water stress. In addition, our result has an ecological value, since smaller plants, with smaller root systems, seem to have developed more efficiency in absorption, in order to survive. For component 2, positive effects were explained by Specific leaf area (SLA) and the partitioning index constituted by Leaf area (LA) and total biomass. SLA is an important parameter of growth rate because the larger the SLA, the larger the area for capturing light per unit of previously captured mass. Negative effects are explained by the partitioning indices root biomass (DWR) and leaf biomass (DWL). These indices indicate that different genotypes with different vigour also have different partitioning pathways, as for vigourous plants, more LA vs. total biomass can be expected, while for smaller plants, the opposite is expected. However, when comparing dry weights (biomass), low vigour plants tend to have small canopies and also small root systems. This clearly shows how LA, which depends on leaf biomass and the hydraulic situation (turgor that allows cell expansion), is so different between opposite genotypes. Big plants with higher plant hydraulic conductance have more leaf area, with respect to their biomasses, than small plants. Under water stress, small genotypes showed, once more, their higher efficiency per unit of biomass produced. Figure 3A shows results from the 2014 assessment, where smaller plants, with smaller canopies, had higher gs than bigger plants. This was also true for root specific hydraulic conductance (plant kH root -1 biomass vs. gs, data not shown) measured in 2014. Similarly, when studying Lpr vs. DWR ( Figure 3B ) in 2015, it was found that smaller root systems had higher Lpr, evidencing, yet again, the higher efficiency in conductance of low growth genotypes in comparison to vigourous ones. It is also very clear how the parents have behaved, and the transgressive segregation that occurred for all studied traits during both years. 
QTL mapping
Data from 2014 has been mapped for both parents and consensus, and the results for the 'Riparia GM' map are shown in Table 1 .
For the 'Riparia GM', 16 QTLs were found significant at the group level (LOD scores higher that the threshold value for the group calculated by permutation test), but only 3 were significant genome-wide (LOD scores higher that the threshold value for the genome). The partitioning indices related to canopy vs. root biomass were significant for the chromosome, and considered putative. For LA/total biomass and SLA, QTL explaining 11.4 and 9% of total variance respectively, were found in chromosome 1, along with a putative QTL for LA. For LA, a QTL explaining 12% of variance was also found in chromosome 4. Studying the mapping population of 'Picovine' × 'Ugni blanc', Houel et al. (2015) also found QTLs for LA in chromosome 4 of Ugni blanc and a QTL for LA in chromosome 19 of Picovine, coincident with our putative QTL for growth rate (tightly correlated to LA) in the same chromosome. Also, QTLs related to bud break were mapped in chromosome 4 and 19 in 'Riesling' × 'Gewurztraminer ' (Duchene et al., 2012) . Finally, Dıáz-Riquelme et al. (2009) found that 5 MIKC genes (that encode transcription factors that play crucial roles in plant growth and development) were found to be distributed in chromosome 1.
For the 'Ramsey' map (data not shown), 8 putative QTLs were found significant at the group level (LOD scores higher that the threshold value for the group calculated by permutation test), but none were significant genome-wide. The same traits, namely LA/total biomass, SLA, and the partitioning indices were mapped for 'Ramsey', but no QTL was found for LA, growth rate, canopy or total biomass.
These results suggest that most canopy related traits (i.e., vigour traits) were inherited from 'Riparia', while most partitioning traits were inherited from 'Ramsey'. 
CONCLUSIONS
Vigour, a highly quantitative character, is particularly difficult to address. A large number of variables need to be studied in order to achieve a fine comprehension of the phenomena involved. In our study, we analyzed vigour from a wide physiological view and a genetic mapping approach. For quantitative characters, where positive feedbacks (typically exponential) can cause large effects, low but statistically significant explanatory levels, like the QTLs found, as well as the physiologic results, may have impressive effects.
The variables that were mapped, and for whom significant QTLs were found, had been previously identified as highly significant in the ACP analyses for 2014 and 2015, indicating the importance of these traits in the determination of vigour. Furthermore, the genome-wide
